Results
The chromosome numbers of the 107 Pacific (including the Philippines, Japan and Thailand) island clonal varieties do not deviate from the pattern set in the earlier work of Yen and Wheeler (1968) , demonstrated in Table 1 . Most are 2n=28, while the 2n=42 forms are represented in the taro assemblages from Timor, the Philippines, Australia, New Zealand, Japan, Nepal and India. It may be recalled from the assessments of Mookerjea (1955) and more recent work on Indian material that most cultivars from that country are of the 42-form. The material collected for this study from Papua New Guinea, including separate wild clones, Philippines, Palau, Society Islands is not duplicated in the Yen and Wheeler (1968) study, and thus provides reinforcement to the contention of primacy of the 28-form in the Pacific islands. With regard to the Australian clones, there are two categorised as cultivated and with the 42 chromosome number. As unprovenanced plants grown in a botanical garden, they could well be introduced from New Zealand or New Caledonia or even India. Of significance, however, are the six of seven remaining Australian clones designated as "wild", collected from localities in Queensland and the Northern Territory (some sites being quite remote, e.g., in the Mitchell Range), all with 2n=28 complements. From the total material of 112 clonal samples, 81 were karyotyped (see Table 1 ). This analysis revealed that the 28-form consists of two cytotypes (Figs. la and b) while three cytotypes were observed in the 42-form (Figs. 2a, b and c) . Cytotype I, illustrated in Fig. la , represents the majority of plants karyotyped including both wild and cultivated clones. The somatic chromosome complement as arranged conforms with the hypothesis that the species has a base number of 14, characterised by 14 submetacentric pairs of chromosomes. For con venience then, we refer to the 28 somatic chromosome form as diploid and the 42 as triploid.
The karyotypes of four diploid plants, two from Queensland, Australia (one collected from rain forest near Mossman, Cape York, the other west of Brisbane) and two cultivars from the west highlands of Papua New Guinea reveal a chromosome complement identical to cytotype I except that chromosome pair 7 is heterozygous for a pericentric rearrangement resulting in metacentric and acrocentric forms of chromosome 7 within the same plant (Fig. 1b) . Although this deviancy would generally be considered to be a polymorphic variant of cytotype Fig. 1 . Karyotypes of the two diploid (2n=28) cytotypes: (a) cytotype I, (b) cytotype I-1. Marker chromosomes 3, 7 and 9 are underlined.
I, for discriminatory reference it is here designated as cytotype I-1. It should be noted that none of the diploid plants karyotyped were homozygous for the derived acrocentric form of chromosome 7. The analysis of the triploid 42 clones indicate autotriploidy, an interpretation supported by the results of meiotic studies of Krishnan et al. (1970) and Sharma and Das (1954) . However, the karyotypes can be differentiated into three cytotypes: cytotype I-3 characterised one cul tivar from Luzon, Philippines and one from Timor. This type illustrated in Fig . 2a , is so designated since it appears to be an autotriploid derived from cytotype I; the haploid karyotype is identical to that found in the diploid form shown in Fig. la . Cytotype I-13, found only in four clones of the New Zealand material (Fig. 2b) ( Fig. 1b) , although it is unclear how it arose given the geographic distribution of I-1, on present knowledge confined to Australia and Papua New Guinea. The karyotype is the same as that found in the autotriploid I-3 (Fig. 2a) except for chromosome 7 where there are two copies of the derived acrocentric chromosome found in I-1 and one copy of the standard metacentric chromo some. Cytotype II-3, represented by the triploids, from Australia, New Zealand, India, Nepal and Japan, cannot be derived directly from either of the diploid cytotypes found in this study (Fig. 2c, cf. Figs. 1a, 1b) . Karyotypically, this cytotype is quite different from all of those designated as I. Obvious differences involve chromosomes 3 and 9 which are acrocentric rather than metacentric, while chromosome 7 is now homozygous acrocentric rather than het erozygous as in the diploid I-1 (Fig. 1b) and the triploid I-13 (Fig. 2b) .
Discussion
The present cytological investigation on taro confirms previous chromosome studies in dicating that the species is characterised by two somatic chromosome numbers 28 and 42, con sidered to be diploid and triploid respectively. Within the Pacific region, the findings of Yen and Wheeler (1968) regarding the distribution of these forms, particularly the representatives in tropical Polynesia and Papua New Guinea as exclusively 2n=28, have not been contradicted. On numerical data alone, however, the recent record of the triploid from on the Solomon Islands (Jackson et al. 1977) gives impetus to the question of provenience of the New Zealand forms of 2n=42. Explanations of direct transmission in prehistory from Melanesia to New Zealand are generally unacceptable on cultural grounds, so that the alternatives remain of introduction in historic times as Yen and Wheeler (1968) proffered, or that 42 chromosome forms arose independently in the Pacific from 28-forms. That the representatives of the au thenticated wild populations of Australian Colocasia esculenta are all of the somatic comple ment of 28 may be a finding of importance in considering the phylogeny of the species in the Pacific.
The karyotype studies reported herein show that the 28 chromosome forms found through out the taro investigated from the Pacific islands and Australasia and including samples from Micronesia, the Philippines and Timor, have the same diploid chromosome complementcytotype I. It seems likely that this major Oceanic cytotype was present in Australia and Papua New Guinea prior to cultivation by man, since it survives there still as both wild and domesticated forms of the species. The 28 chromosome cytotype designated as I-1, hetero zygous for a pericentric rearrangement in chromosome 7, and represented in two feral Aus tralian clones and two New Guinea cultivars, are seen as most likely to have been descendant from cytotype I. The rearrangement, whether by inversion or centric transposition, can be assumed to be a rare event, with heterozygosity (no homozygous acrocentric complements were found) persisting through natural, and subsequently on domestication, by horticultural vegeta tive propagation. Further, the limited distribution of this variant within the range of Colocasia in the Pacific is suggestive of an Australian-New Guinea origin.
Of the three triploid forms (2n=42), the karyotypic analyses suggest that the clones homo zygous metacentric for chromosomes 3, 7 and 9 (cytotype I-3) could have been directly derived from cytotype I by autotriploidy. Its distribution, restricted to Timor and the Philippines, suggests that this variant is of SE Asian origin. Cytotype I-13 may be most economically viewed as an autotriploid descended from cytotype I-1 by duplication of the acrocentric chro mosome in the heterozygous chromosome pair 7. Its distribution, being so far found only in New Zealand, poses a problem of place of origin, unless it can be held that this chromosome form is a local development of obligatory recency, New Zealand being colonized primarily at c. A. D. 800 by the Maori who presumably brought taro. The interpretative difficulty, how-Chromosome Variation in Taro , Colocasia esculenta 557 ever, goes beyond this , for the accepted immediate provenance of the New Zealand Maori is Eastern Polynesia (see Davidson 1984 as an example of many possible references.) The putative parent for cytotype I-13 is found in Australia and New Guinea; proposals for direct prehistoric contacts of New Zealand with either would hardly have archaeologists' support from their evidence of unrelated prehistoric material cultur es.Th e remaining triploid form designated as II-3 is karyotypically quit e distinct, with all three indicator chromosome groups 3 , 7 and 9 being homozygous acrocentric . Clones from N ew Zealand, India, Nepal , Japan and two questionable cultivars from the Brisbane Botanic Gardens exhibited this karyotype while there is no obvious diploid ancestor in ou r material. Fig. 3 . Proposed phylogenetic relationship between the five cytotypes based on karyotype and ploidy level; whether the marker chromosomes 3, 7 and 9 are metacentric (m) or acrocentric (A) and the number of copies of each type are indicated for the different cytotypes.
We are left with the hypothesis and these triploid forms are relatively recent introductions from Asia-an explanation offered for the New Zealand and New Caledonian presence of 42-chromosome forms by Yen and Wheeler (1968) . If the pattern of autopolyploid ancestry is applied to cytotype II-3, the likely pattern would be a diploid parental cytotype homozygous acrocentric for chromosomes 3, 7 and 9 that could be designated as hypothetical cytotype II. There is indeed some indirect support for the presence of the diploid cytotype II in India from the studies of Kuruvilla and Singh (1981) . Although requiring confirmation, the chromosome spread of a 2n=28 form presented in that paper (Fig. 2.1 ) indicated a number of acrocentric chromosomes. It was not clear whether three acrocentric pairs of chromosomes were present, as postulated for cytotype II (Fig. 3) , although it is evident that the karyotype would undoubtedly be different from that of the widespread diploid cytotype I.
Whatever the origin of cytotype II-3, it is clear that there are two distinct lineages which characterise taro presently found in the region of Australasia and the Pacific. The proposed scheme for this phylogeny is presented in Fig. 3 . The application of karyotypic analysis to the Pacific taro material has been able to produce a hypothetical divergency in the species that could not be produced by the earlier numerical approach to cytological study. The presence of the triploid cytotype II in Australasia and its absence in the rest of Oceania suggest an ex ogenous source that we have identified as the Indian subcontinent from restricted comparative material (see Table 1 ). It is likely, however, that such cytotypes (including perhaps diploid II forms?) may be distributed on the SE Asian mainland or Indonesian islands. The sources of the material investigated nearest to these regions, however, are from Timor and the Philippines, and although two triploids are found, they are both of the I lineage.
The I lineage (Fig. 3) has its Pacific foundation in the widespread diploid chromosome form of homozygous metacentrics, out of which two forms of triploids would seem to have arisen, one by direct autopolyploidy, the other through an intermediate diploid stage following pericentric rearrangement in one chromosome pair. That the putative progenitor cytotype I (with its derivative cytotype I-1) are found in the wild populations of Australia and New Guinea can be looked on as evidence for considerable antiquity for the form in the region. Indeed, rather than as part of human dispersal of agriculture from Asia at c. 5,000 years ago (Bellwood 1978) , the initial appearance in the western Pacific of Colocasia taro, in its cytotype I form, was likely within the eastern extension of the Indo-Malaysian flora with the collision of the AustraliaNew Guinea or Sahul continent with the Asian plate. Palaeogeographic research, e.g., AudleyCharles et al. (1981) , estimates the beginning of this process of floral exchange at between the middle Miocene and the Pleiocene. Thus the temporal, environmental and chromosomal cir cumstances exist for the hypothesis of a separate domestication of taro in the western Pacific -supported by archaeological evidence for the species in agriculture as early as any reported in the world.
Conclusion
In this study of taro cytology emphasizing the karyotypic approach, the Indian-SE Asian mainland origin of at least one form of the species remains unquestioned. However, the results indicate that a natural distribution concurrent with late Tertiary geological events may more satisfactorily account for the spatial differentials in chromosome number and cytotype dis tribution than the accepted theory of dispersal by human diffusion at some 5-6,000 years ago. The acceptance of such a view requires a further extension-that the western Pacific taro was the subject of a separate domestication process parallel to that on the Asian continent. It is nota ble that the majority of the cultivated and wild forms of taro in the Pacific are of the 2n=28 chromosome complement, homozygous metacentric for three diagnostic chromosomes; as cultivars, this form, designated in this work as cytotype I, was distributed eastwards by man to the far reaches of Polynesia. In the western region moreover, the karyotypes of the taro material suggests that diploid cytotype I was the progenitor in the transformation to triploid forms through direct autopolyploidy in one instance, and through an intermediate step of pericentric rearrangement in the other. The finding of the latter triploid type (I-13) so far only in New Zealand poses a question of its geographic provenance. The karyotypic analysis of the New Caledonian and Solomon Islands triploids, not carried out in this investigation, is an obvious step, although any equivalence of that material with the New Zealand I-13, as has already been indicated, would encounter explanatory difficulties of a prehistoric cultural nature. However, for the wider implications of the present work which indicate a divergence of evolutionary pathways of the Pacific lineage I and the II lineage (represented here only by the triploid form II-3) determination of the karyotypes of Indian and SE Asian taro over a wide.geographic range may provide the ultimate resolution.
Summary
Further cytological study of Colocasia taro in the Pacific utilizing karyotypic data has produced a hypothesis for two separate lineages of the plant within contemporary populations. This provides support for domestication in the western Pacific independent of diffusion of Asian cultigen forms, but it is indicated that confirmation awaits more comprehensive karyotyping of Indian and Southeast Asian material.
